ADDITIONAL INDEX WORDS. Capsicum annuum, Solanum lycopersicum, Solanum melongena, plant growth regulators SUMMARY. Two experiments were conducted to evaluate the effect of the plant regulator uniconazole on plant height, flowering, and fruit yield of vegetable transplants. In the first experiment, seedlings of tomato (Solanum lycopersicum 'Early Girl'), pepper (Capsicum annuum 'Jalapeno'), and eggplant (Solanum melongena 'Millionaire'), were sprayed with water (untreated control) or with 2.5, 5, and 10 mgÁL L1 of uniconazole. Five weeks after treatment (WAT), application of 2.5 mgÁL L1 of uniconazole reduced the height of tomato by 17%, and of 5 and 10 mgÁL L1 , by 25%. The effect of 10 mgÁL L1 of uniconazole on tomato plant height persisted until 13 WAT, but did not affect fruit yield. 'Early Girl' tomato plants treated with 10 mgÁL L1 of uniconazole were still shorter than the untreated control at this time, but there were no significant differences in the number or weight of the fruit produced by the plants treated with 10 mgÁL L1 of uniconazole, and the untreated controls. In contrast, as the rate of uniconazole increased, the height of 'Jalapeno' pepper and 'Millionaire' eggplant decreased. Application of uniconazole had no effect on the number of fruit produced by 'Millionaire' eggplant. However, treatment with 10 mgÁL L1 of uniconazole reduced the number of fruit produced by pepper plants by 50%, and reduced the total weight of fruit produced by pepper and eggplant plants by 30% and 50%, respectively, compared with the untreated control. The second experiment analyzed the effects of 5, 8, and 10 mgÁL L1 of uniconazole on two cultivars of tomato with different growth habit, Early Girl (determinate) and Sun Sugar (indeterminate). Application of all rates of uniconazole decreased plant height but not the final fruit yield of the two tomato cultivars.
SUMMARY. Two experiments were conducted to evaluate the effect of the plant regulator uniconazole on plant height, flowering, and fruit yield of vegetable transplants. In the first experiment, seedlings of tomato (Solanum lycopersicum 'Early Girl'), pepper (Capsicum annuum 'Jalapeno'), and eggplant (Solanum melongena 'Millionaire'), were sprayed with water (untreated control) or with 2.5, 5, and 10 mgÁL L1 of uniconazole. Five weeks after treatment (WAT), application of 2.5 mgÁL L1 of uniconazole reduced the height of tomato by 17%, and of 5 and 10 mgÁL L1 , by 25%. The effect of 10 mgÁL L1 of uniconazole on tomato plant height persisted until 13 WAT, but did not affect fruit yield. 'Early Girl' tomato plants treated with 10 mgÁL L1 of uniconazole were still shorter than the untreated control at this time, but there were no significant differences in the number or weight of the fruit produced by the plants treated with 10 mgÁL L1 of uniconazole, and the untreated controls. In contrast, as the rate of uniconazole increased, the height of 'Jalapeno' pepper and 'Millionaire' eggplant decreased. Application of uniconazole had no effect on the number of fruit produced by 'Millionaire' eggplant. However, treatment with 10 mgÁL L1 of uniconazole reduced the number of fruit produced by pepper plants by 50%, and reduced the total weight of fruit produced by pepper and eggplant plants by 30% and 50%, respectively, compared with the untreated control. The second experiment analyzed the effects of 5, 8, and 10 mgÁL L1 of uniconazole on two cultivars of tomato with different growth habit, Early Girl (determinate) and Sun Sugar (indeterminate). Application of all rates of uniconazole decreased plant height but not the final fruit yield of the two tomato cultivars. C ommercial nursery crop production in the United States involves the use of chemical plant growth regulators (PGRs) to control plant growth and height (Hayashi et al., 2001; Latimer and Scoggins, 2012) . Compact plants are easier to transplant, maintain, and transport, and are more attractive to consumers than tall, stretched plants with elongated internodes (Latimer and Scoggins, 2012) . In addition to improved plant growth habit and aesthetic value, management practices using PGRs may offer other advantages for nursery production practices. It has been shown that the application of PGRs can increase seedling survival and tolerance to transplanting shock (Cha-um et al., 2009; Dunlap et al., 1991) , improve resistance to environmental stress (Al-Rumaih and Al-Rumaih, 2007; Duan et al., 2008; Lurie et al., 1995) , enhance flowering (Banko and Landon, 2005; Cochran and Fulcher, 2013; Keever and McGuire, 1991) , and increase fruit yield (Dunlap et al., 1991; Wang and Gregg, 1990) .
The objective of this study was to evaluate the effect of uniconazole on potted vegetable transplants. Vegetable gardening is gaining popularity (National Gardening Association, 2009), and this is the only PGR that can legally be used on some vegetable crops. Uniconazole is a triazole growth retardant that has been approved for a few species in the Solanaceae family (e.g., tomato, pepper, eggplant); however, it can only be applied as a spray, no later than 14 d after the four-leaf stage, and the total amount of product used cannot exceed 10 mgÁL -1 (Valent U.S.A. Corp., 2008) . Application of uniconazole has been shown to reduce stem elongation and control the height of certain vegetables (Dunlap et al., 1991; Hickman et al., 1989; Shin et al., 2009 ). However, there is little information on its effect on their flowering time and fruit yield. A limited number of studies have been conducted on the effect of uniconazole on tomato plants, and they have provided contrasting results. Hickman et al. (1989) found no differences in 'Royal Flush' tomato fruit yield when uniconazole was applied at concentrations from 0.25 to 5 mgÁL -1 ; but increased or decreased fruit yields have also been reported in different cultivars and with different rates (Dunlap et al., 1991; Wang and Gregg, 1990) . Other vegetables have also shown a wide range of responses to uniconazole. Lettuce (Latuca sativa) and broccoli (Brassica oleracea var. italica) decreased yield after treatment, but watermelon (Citrullus lanatus) and pepper increased or decreased yield, depending on the cultivar (Dunlap et al., 1991 vegetables in the United States (Gao et al., 2010; National Gardening Association, 2009) .
Materials and methods
To analyze the effect of uniconazole on the height and fruit yield of vegetable transplants, two greenhouse experiments were conducted at the Center for Applied Horticultural Research (CfAHR) in Vista, CA from 25 Mar. 2010 to 31 July 2010.
First experiment
Effect of uniconazole on plant height and fruit yield of 'Early Girl' tomato, 'Jalapeno' pepper and 'Millionaire' eggplant was studied.
PRETRANSPLANTING P H A S E . Seedlings of 'Early Girl' tomato, 'Jalapeno' pepper, and 'Millionaire' eggplant were obtained from a local source, and were planted into six-cell trays (167. Cal-Mag, Scotts) every week, thereafter, for an additional 13 weeks for tomato plants, and 20 weeks for pepper and eggplant. Mean and standard deviation for daily temperature and relative humidity during the experimental period were 21.3 ± 9.4°C, and 66.5% ± 28.1%, respectively.
Treatments with uniconazole (Sumagic; Valent, Walnut Creek, CA) started once the seedlings reached the four-leaf stage. Plants were divided in four groups of six replicates of six-cell trays each, and the height of one plant per tray was measured before treatment application. Each group was sprayed once with water (untreated control) or with uniconazole at 2.5, 5, or 10 mgÁL -1 . All treatments were applied uniformly as a single foliar spray at a volume of 204 mLÁm -2 using a 4-gal backpack sprayer (Solo, Newport News, VA). The experiment was arranged in a completely randomized design. The height of one randomly selected plant per tray (six per treatment) was recorded weekly during 5 weeks for tomato and 8 weeks for pepper and eggplant.
POSTTRANSPLANTING PHASE. To determine the persistence on height control provided by uniconazole and its effect on fruit yield, one plant per tray was selected at random and transplanted into a 21-cm-diameter (3670 cm 3 ) plastic container (Poppelmann Plastics USA, Claremont, NC). Tomato plants were transplanted 5 WAT; eggplant and pepper at 8 WAT. Plant height and fruit yield were determined at the end of the experimental period (13 WAT for tomato plants, and 20 WAT for pepper and eggplant). Fruit yield was measured by counting and weighing all fruit present per plant.
Second experiment
Effect of uniconazole on plant height and fruit yield of tomato 'Early Girl' and 'Sun Sugar' was studied.
PRETRANSPLANTING PHASE. Seeds of 'Early Girl' and 'Sun Sugar' tomato were planted in 8.45-cm-diameter (227 cm 3 ) plastic containers filled with soilless substrate (Euromix, Sun Gro Horticulture) on 29 May 2010. Once seeds germinated, plants were fertilized weekly with 200 mgÁL -1 N as 15N-2.15P-12.5K. They were placed on benches in a greenhouse with temperature set points of 24°C during the day (0800-2000 HR) and 18.3°C at night (2000-0800 HR). Mean and standard deviation for daily temperature and relative humidity during the experimental period were 23.5 ± 5.7°C, and 70.4% ± 20.4%, respectively.
Seedlings were divided into four groups of five plants each (n = 20) . Plants were treated with water (untreated controls), or with uniconazole at 5, 8, or 10 mgÁL -1 at the four-leaf stage on 18 June 2010. All treatments were applied uniformly as a single foliar spray at a volume of 204 mLÁm -2 using a 4-gal backpack sprayer.
The experiment was arranged in a completely randomized design with five replicates per treatment. Plant height was measured before treatment application and weekly thereafter during the next 4 weeks.
POSTTRANSPLANTING PHASE. To determine the length of height control provided by uniconazole and its effect on fruit yield, all plants were transplanted into 21-cm-diameter (3670 cm 3 ) plastic containers, 4 WAT. Plant height and the number of flowers were assessed weekly for an additional 8 weeks. Fruit yield was also determined by harvesting, counting, and weighing all fruit produced per plant, 5 to 12 WAT.
Data analysis
A two-way analysis of variance (ANOVA) was used to analyze the effect of the different concentrations of uniconazole on the height of the different species over time, in the first experiment, and on the height, number of flowers and fruit, in the second. When interactions between concentration and time were significant, one-way ANOVA was used to determine significant differences among uniconazole concentration at each date. Data were analyzed using JMP (version 9.0; SAS Institute, Cary, NC). Logarithmic transformation was applied to satisfy assumptions of normality and homogeneity of variance. Means were compared using the Fisher's protected least significant difference test (P £ 0.05).
Results

First experiment
Effect of uniconazole on plant height and fruit yield of 'Early Girl' tomato, 'Jalapeno' pepper, and 'Millionaire' eggplant was studied.
PRETRANSPLANTING PHASE. The two-way ANOVA indicated significant interactions between the uniconazole treatment and time on the height of tomato, pepper, and eggplant (Table 1 ). Application of • August 2015 25 (4) uniconazole reduced the height of these three species compared with the untreated control, but the effect of the different concentrations of uniconazole on plant height varied with time (Table 2) . One week after treatment, there were no statistically significant differences among the height of the tomato plants grown with 2.5, 5, or 10 mgÁL -1 of uniconazole. However, 2 to 4 WAT, tomato plants treated with 5 and 10 mgÁL -1 of uniconazole were shorter than those treated with 2.5 mgÁL -1 (Table 2) . Compared with the untreated control, application of 2.5 mgÁL -1 of uniconazole reduced the height of tomato by 17%, and of 5 and 10 mgÁL -1 of uniconazole by %25%, 5 WAT ( Table 2 ).
Plants of 'Jalapeno' pepper and 'Millionaire' eggplant were more responsive to uniconazole compared with 'Early Girl' tomato. As the rate of uniconazole increased, the height of the pepper and eggplant plants decreased, earlier in the growing period (Table 2) . At the end of the pretransplanting phase (8 WAT), application of 5 and 10 mgÁL -1 of uniconazole reduced the height of plants of pepper by up to 50% and 60%, respectively; and eggplant plants treated with 10 mgÁL -1 of uniconazole were 50% shorter than the untreated control (Table 2) .
POSTTRANSPLANTING PHASE. Thirteen WAT, there were no significant differences between the height of 'Early Girl' tomato treated with 2.5 or 5 mgÁL -1 of uniconazole and the untreated control, but the effect of 10 mgÁL -1 of uniconazole on plant height persisted during the posttransplanting phase (Table 3) . Tomato plants treated with this concentration were still 20% shorter than the untreated controls, 13 WAT. Five and 10 mgÁL -1 of uniconazole reduced the height of pepper by 28%, and of eggplant by %27% and 47%, respectively, compared with the control, 20 WAT (Table 3) .
None of the concentrations of uniconazole applied to 'Early Girl' tomato, affected fruit yield. There were no significant differences in the number or weight of tomato fruit produced by the untreated controls or by the plants treated with the different concentrations of uniconazole. 1 mgÁL -1 = 1 ppm; 1 cm = 0.3937 inch; 1 g = 0.0353 oz. y For each species, means within a column followed by the same letters are not significantly different according to Fisher's protected least significant difference test (P £ 0.05).
However, plants of 'Millionaire' eggplant and 'Jalapeno' pepper treated with 10 mgÁL -1 of uniconazole had significantly lower fruit weight, and lower fruit number and weight, respectively, than the untreated controls or of those treated with 2.5 mgÁL -1 of uniconazole (Table 3) .
Second experiment
PRETRANSPLANTING PHASE. The two-way ANOVA with repeated measures indicated significant interactions between uniconazole concentration and time on the height of 'Early Girl' and 'Sun Sugar' tomato during the pretransplanting phase (Table 4) . Plants of tomato 'Early Girl' and 'Sun Sugar' treated with 5, 8, and 10 mgÁL -1 of uniconazole were shorter than untreated plants 1 to 4 WAT. However, there were no significant differences in the height of the tomato plants grown with the different uniconazole concentrations ( Fig. 1A and B) .
POSTTRANSPLANTING PHASE. The two-way ANOVA with repeated measures indicated significant interactions between uniconazole concentration and time on the height of 'Early Girl' and 'Sun Sugar' tomato, during the posttransplanting phase, 5 to 12 WAT (Table 4 ). The effect of uniconazole on the height of the two tomato cultivars persisted until the end of the experiment (Fig.  1C and D) . Plants of tomato 'Early Girl' and 'Sun Sugar' treated with 5, 8, and 10 mgÁL -1 of uniconazole were still shorter than untreated plants 12 WAT. However, there were no significant differences in the height of the tomato plants grown with the different uniconazole concentrations (Fig. 1C and D) .
Application of uniconazole had no effect on the number of flowers and fruit produced by 'Early Girl' tomato. There were no significant differences in the number of flowers or fruit produced by plants of 'Early Girl' tomato treated with uniconazole and the controls from 5 to 12 WAT (Table 4 ). In contrast, the effects of uniconazole on the number of flowers and fruit of 'Sun Sugar' tomato were significant, although there were interactions with time -¤-) , at P £ 0.05, according to Fisher's protected least significant difference test. There were no statistically significant differences in the height of the tomato plants grown with 5, 8, and 10 mgÁL L1 of uniconazole; 1 mgÁL L1 = 1 ppm; 1 cm = 0.3937 inch.
• August 2015 25(4) ( Table 4) . 'Sun Sugar' tomato treated with 5, 8, and 10 mgÁL -1 of uniconazole flowered 1 week earlier than untreated controls, and had more flowers, 4 WAT. The mean number of flowers produced by plants treated with 0, 5, 8, and 10 mgÁL -1 of uniconazole was (± SE) 30. 4 ± 3.6, 45.4 ± 3.7, 50.8 ± 5.6 , and 64.4 ± 3.2 flowers, respectively, 4 WAT. Plants of 'Sun Sugar' tomato treated with 5 and 8 mgÁL -1 of uniconazole also had greater number of fruit than the untreated controls and those treated with 10 mgÁL -1 , 6, 7, and 8 WAT. The mean number of tomatoes produced by plants treated with 0, 5, 8, and 10 mgÁL -1 of uniconazole was (± SE) 12.8 ± 2.2, 18 ± 0.8, 20 ± 2, and 14 ± 1.4 fruit, respectively, 8 WAT.
Application of uniconazole had no effect on the total fruit weight of both tomato cultivars. Mean 'Early Girl' tomato total fruit weight ranged from (± SE) 517 ± 80 to 709 ± 45 g, and of 'Sun Sugar' from 490 ± 40 to 599 ± 24 g, 12 WAT.
Discussion
Our results corroborate the findings of other studies that indicate that plant sensitivity to PGRs varies from one species or cultivar to another (Dunlap et al., 1991; Hammond et al., 2007) . Application of uniconazole reduced the height of tomato 'Early Girl' and 'Sun Sugar', 'Jalapeno' pepper and 'Millionaire' eggplant. However, the appropriate concentration of uniconazole to control plant height without affecting other growth parameters varied among plants species. While plant height control might be desirable for size control and shelf life extension, excessive growth suppression can have detrimental effects on plant quality and fruit yield (Dunlap et al., 1991) . Compact and attractive looking plants are essential for the nursery grower, but consumers also buy vegetable transplants for their ability to produce fruit. Therefore, fruit yield should not be unfavorably affected by applications of growth retardants during the nurserygrowing phase.
Application of 10 mgÁL Dunlap et al. (1991) reported that uniconazole at 12 mgÁL -1 reduced the height of 'Early Jalapeño', 'Hungarian Yellow', and 'Serrano' peppers, but increased their fruit yield.
None of the concentrations of uniconazole decreased the final fruit yield of the two tomato cultivars. Application of 10 mgÁL -1 of uniconazole, decreased the height of 'Early Girl' tomato by 25% during the 5 weeks of the pretransplanting phase (in both, the first and second experiments). In the posttransplanting phase, plants of 'Early Girl' tomato treated with 10 mgÁL -1 of uniconazole were still 20% shorter than the controls 13 WAT (in the first experiment), and 30% to 40% shorter than the controls, 12 WAT (in the second experiment). However, there were no significant differences in the fruit weight produced by plants treated or untreated with uniconazole. Application of uniconazole decreased the height of tomato 'Sun Sugar' by 55%, until 12 WAT, but did not affect the final fruit yield, even though 'Sun Sugar' tomatoes treated with all of the uniconazole concentrations had more flowers than the controls, 4 WAT, and more fruit 6, 7, and 8 WAT when treated with 5 and 8 mgÁL -1 of uniconazole. Runkle and Blanchard (2012) suggested a starting rate of a single spray of uniconazole at 2.5 to 5 mgÁL -1 for 'Lady Bell' pepper and 'Early Girl' tomato, and at 5 to 10 mgÁL -1 for 'Little Fingers' eggplant. Application of 2.5 to 5 mgÁL -1 of uniconazole seemed appropriate for 'Jalapeno' pepper, and the two tomato cultivars (Early Girl and Sun Sugar) tested in this study until they reached the four-leaf stage. Ten milligrams per liter of uniconazole did not affect tomato fruit yield, but the use of the lowest effective concentration has been recommended to avoid potential adverse effects in the posttransplanting phase (Schnelle and Barrett, 2009 ). 'Millionaire' eggplant required at least 5 mgÁL -1 of uniconazole for height control, but 10 mgÁL -1 reduced fruit yield excessively.
Uniconazole has proved to be effective to reduce stem elongation and control the height of containerized herbaceous perennials (Latimer and Scoggins, 2012) , bulbs (Damayanthi et al., 2005) , woody crops (Cole et al., 2013) , vegetables (Dunlap et al., 1991; Hickman et al., 1989) , and fruit trees (Le Roux and Barry, 2010) . On the basis of our findings, the use of this technique can provide height control and shelf life extension (for the nursery grower), without causing adverse effects on garden performance, reducing fruit yield (for the consumer). However, trials must be conducted to determine appropriate rates for each specific condition (Schnelle and Barrett, 2009 ). Effects of PGRs on plant growth can be affected by environmental conditions, as well as by the rate (Cochran and Fulcher, 2013) , timing (Banko and Landon, 2005; Starman, 1993) , and method of application (Pepin and Cole, 2014) .
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